Paramignya trimera (Oliv.) Guill. (Rutaceae), mostly distributed in the southern regions of Vietnam, has been used as a medicinal plant for treatment of liver diseases and cancer. From the methanol extract of the roots and stems of P. trimera, 3 new compounds (1-3) were isolated, including ninhvanin B (1), paramitrimerol (2), and parabacunoic acid (3), and a known alkaloid, citrusinine-I (4). The structures of these compounds were elucidated by electrospray ionization mass spectrometry and nuclear magnetic resonance spectral analysis, as well as by comparison with literature data.
In Vietnam, the genus Paramignya comprises about 7 species, distributed mostly in the central and southern portion of the country. 1 To date, phytochemical studies of this genus have focused on only 4 species: P. monophylla, 2,3 P. griffithii, 4 P. scandens, 5 and P. trimera. [6] [7] [8] Coumarin compounds and their glycosides were found to be the dominant chemical class in this genus, together with triterpenes, chromene derivatives, alkaloids, and phenolic compounds. [3] [4] [5] [6] [7] [8] [9] [10] [11] In Vietnamese traditional medicine, P. trimera is well known as a medicinal plant used to treat liver diseases and cancer. 6, 12 Recent pharmacological studies have shown that P. trimera possesses antioxidant, [12] [13] [14] cytotoxic, 12 hepatoprotective, 12 anti-inflammatory, 8 antiproliferative, 14 and α-glucosidase inhibitory activities. [9] [10] [11] In our previous paper, a series of coumarins, including ninhvanin, ostruthin, and 6-(6-hydroxy-3,7-dimethylocta-2,7-dienyl)-7-hydroxycoumarin, together with 2 dimeric monoterpene-linked coumarin glycosides, paratrimerin A and B, were reported from the roots and stems of P. trimera. 6, 7 In this paper, we report the isolation and characterization of 3 new compounds from the roots and stems of P. trimera: ninhvanin B (1), paramitrimerol (2) , and parabacunoic acid (3), together with a known alkaloid, citrusinine-I (4).
We partitioned the methanol extract of P. trimera roots and stems using hexane, chloroform, and ethyl acetate. Three new compounds (1-3) and a known alkaloid, citrusinine-I, 4, 15 were isolated from the chloroform and aqueous fractions ( Figure 1 , attributable to hydroxyl and double-bond groups, respectively. In the 1 H nuclear magnetic resonance (NMR) spectrum, the splitting patterns of cis-located olefinic protons (δ H 6.20, d, J = 9.5 Hz, H-3)/(δ H 7.56, d, J = 9.5 Hz, H-4), and a pair of para-singlet aromatic protons (δ H 7.10, s, H-5)/(δ H 6.85, s, H-8) were characteristic of a 6,7-disubstituted coumarin ring (Figure 1) . [6] [7] [8] The presence of a coumarin ring was confirmed by a cross peak between olefinic protons H-3 and H-4 in the correlation spectroscopy (COSY) spectrum, as well as between H-3 and C-4a; H-4 to C-2 and C-5; H-5 to C-7 and C-8a; and H-8 to C-4a and C-6 in the heteronuclear multiple bond correlation (HMBC) spectrum ( Figure 2 and Supplementary data).
The . This was further confirmed by HMBC correlations between H-9' and H-10' to C-6'; H-4' to C-3' and C-8'; H-8' and C-2'; and 2'-OH and C-2', along with cross peaks of protons H-4' to H-5'; H-5' to H-6', as well as H-2' to H-1' in the COSY spectrum ( Figure 2 and Supplementary data). Furthermore, the HMBC correlations between H-1', H-2', and C-6; between H-1' and C-5 confirmed that the side chain was located at C-6 ( Figure 2 ). However, due to material shortage, the absolute configuration at the chiral center C-2 of the side chain in compound 1 could not be determined. Based on the evidence presented earlier, compound 1 was deduced to be 6-(2-hydroxy-7-methyl-3-methyleneoct-6-enyl)-7-hydroxycoumarin, and named ninhvanin B. To our knowledge, ninhvanin B is the first coumarin isolated from nature containing a 2-hydroxy-7-methyl-3-methyleneoct-6-enyl moiety.
Compound 2 was isolated as a white amorphous powder. The presence of this group was confirmed by correlations between 11-OH and C-11; H-9 and H-10 to C-6; as well as H-17 and C-9 in the HMBC spectrum ( Figure 2 and Supplementary data). The relative configuration of compound 2 was determined from the nuclear Overhauser effect spectroscopy (NOESY) spectrum. Cross peaks between methine proton H-3 and methyl protons H-13 in the NOESY spectrum suggested that the H-13 proton was in an equatorial position. Therefore, hydroxymethyl H-12 was in an axial position. Additionally, the positive optical rotation 18 From the evidence presented earlier, compound 2 was deduced to be (2S )-6-(3-hydroxy-(E)-prop-1-enyl)-2-methyl-2-hydroxymethylchromene, a new alcohol, named paramitrimerol.
Compound 3 was isolated as a white amorphous powder. (Figure 1) . To identify the sugar moiety, acid hydrolysis of 3 yielded D-glucose, as confirmed by co-TLC with an authentic sample and in combination with the NMR data interpretation. The J 1,2 value (7.5 Hz) of the anomeric proton (H-1') indicated a sugar unit in the β-configuration.
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The 1 H and 13 C NMR spectra of compound 3 were similar to those of epiisoobacunoic acid, isolated from Citrus paradisii, 20, 21 except for the presence of a methine group (δ H 3.63 [H-7], δ C 76.1 [C-7] ) in 3 instead of the ketone group at C-7 in epiisoobacunoic acid (Figure 1 ). This was confirmed by the HMBC correlations between H-7 to C-5 and C-9; and the cross peak between H-7 and H-6 in the COSY spectrum of 3 ( Figure 2) . Furthermore, an HMBC correlation of H-1' to C-7 was also observed, suggesting that the sugar moiety was located at C-7 ( Figure 2 and Supplementary Material 1). The relative configuration of compound 3 was determined from the NOESY spectrum, in which NOE correlations between H 3 -18 and H-9; H 3 -18 and H-22, as well as H-5 and H 3 -25; H-5 and H-9 revealed the α-orientation of H-5, H-9, H 3 -18, H-22, and H 3 -25. In contrast, the NOE cross peaks between H 3 -19 and H-1; H 3 -19 and H 3 -24, as well as H-7 and H-24 showed the β-orientation of H-1, H-7, H-19, and H-24 (Figure 2 and Supplementary Material 1). Accordingly, the structure of 3 was determined to be 7-deoxo-7-hydro-7-O-β-D-glucopyranosylepiisoobacunoic acid, and named parabacunoic acid.
Compound 4 was isolated as a white amorphous powder and showed positive reactions with Dragendorff's reagent. Compound 4 was determined to be citrusinine-I by means of NMR and comparison of their NMR data with reported values.
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Experimental
General Experimental Procedures
1 H NMR (500 MHz) and 13 C NMR (125 MHz) spectra were measured on a Bruker Avance 500 MHz spectrometer. HR-ESI-MS were obtained from a Varian FT-MS spectrometer and MicroQ-TOF III (Bruker Daltonics, Ettlingen Germany), IR spectra on a Nicolet Impact 410 spectrometer, and UV on a V-630 UV-VIS spectrophotometer. Column chromatography was carried out on silica gel (Si 60 F 254 , 40-63 mesh, Merck, St. Louis, MO, USA). All solvents were redistilled before use. Pre-coated TLC plates (Si 60 F 254 ) were used for analytical purposes. Compounds were visualized under UV radiation (254, 365 nm) and by spraying plates with 10% H 2 SO 4 followed by heating with a heat gun.
Plant Materials
The roots and stems of Paramignya trimera (Oliv.) Guill. 
Extraction and Isolation
Dried powdered roots and stems of P. trimera (2.0 kg) were extracted with methanol (2 × 5 L) for 3 days at room temperature and then concentrated under reduced pressure to yield a black crude residue. This was dissolved in hot water and successively partitioned in hexane, chloroform, and ethyl acetate, to give hexane (PH, 24.6 g), chloroform (PC, 70.0 g), and ethyl acetate (PE, 11.4 g) fractions, respectively.
The PC fraction (70.0 g) was subjected to chromatography on a normal silica gel column, eluting with a gradient solvent system of dichloromethane-acetone (20:1→10:1, v/v) to obtain 6 fractions (PC1-PC6). The PC3 fraction (2.80 g) was then rechromatographed on normal silica gel with hexane-acetone (4:1, v/v), to obtain 8 subfractions (PC31-PC38). The PC33 subfraction (0.14 g) was further purified on a reversed RP-18 column with acetone-water (1:1, v/v), to yield compound 3 (23.0 mg). The PC34 subfraction (0.54 g) was then eluted with dichloromethane-acetone (3:1, v/v) on a normal silica gel column, to afford compound 2 (5.4 mg). In the same manner, compound 1 (2.0 mg) was precipitated out of the PC36 sub-fraction (0.16 g) using a normal silica gel column and a mobile phase of hexane-acetone (2:1, v/v).
Dried powdered roots and stems of P. trimera (5.0 kg) were boiled in water (2 × 10 L) for 4 hours. The solution was cooled down to room temperature, filtered through Whatman paper, and partitioned with ethyl acetate (2.0 L). The aqueous fraction was subjected to a Diaion HP-20 column (500.0 g) and eluted with a gradient solvent system of water-methanol (1:0→0:1 v/v, 2.0 L each), to give 6 fractions (PW1-PW6). The PW4 fraction (40.83 g) was separated on a normal silica gel column eluting with a mobile phase of chloroform-methanol (4:1, v/v), to yield 7 subfractions (PW41-PW7). The PW43 subfraction (3.80 g) was then rechromatographed on a reversed RP-18 column with acetone-water (3:1, v/v) to obtain compound 4 (10.0 mg). 
Ninhvanin B (1)
Ivory powder.
Paramitrimerol (2)
White amorphous powder. 
Acid Hydrolysis of 3
Compound 3 (4 mg) in 10% HCl-dioxane (1:1, 1 mL) was heated at 80°C for 4 hours in a water bath. The reaction mixture was neutralized with Ag 2 CO 3 , filtered, and then extracted with EtOAc. After concentration, the H 2 O layer (monosaccharide portion) was evaporated in vacuo to give a residue. From this, D-glucose was detected by co-TLC (CHCl 3 -MeOH-HOAc-H 2 O, 25:12:2: 2) with an authentic sample; its R f value was 0.3.
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